The feasibility of using an image analyser, the CAS 100, to assess the ploidy of smooth muscle tumours on formalin fixed paraffin wax embedded tissue was assessed. Various Histopathological grading of sarcomata relies largely on assessing nuclear pleomorphism and especially mitotic rate.'2 Significant inconsistencies with a resulting wide variation in grading can occur due to a number of factors including inter observer and intraobserver variation,3 and differences in section thickness, high power field size,4 and delay in fixation.5
wax block of 15 leiomyomata and 13 leiomyosarcomata yielded serial sections of 3 am, 5 pm, and 7 pm and a cytospin preparation (from a 50 pm section). Sections and cytospin preparations were stained with Feulgen and quantified using the CAS 100. The suitability of lymphocytes, previously suggested to be unsuitable as control cells in tissue sections due to the compact nature of their DNA, was assessed in sections and cytospin preparations and compared with endothelial cells, the standard alternative, on the same slide. Despite having a mean nuclear area of only 18-5 pm2 in sections lymphocytes had a similar diploid peak-that is, 4-1 pg--to endothelial cells (mean nuclear area 39 pm2). A comparison of 3 pm, 5 pm, and 7 pm sections showed 5 pm to be the optimal thickness. Cytospin preparations yielded histograms of superior quality than those from tissue sections. All The purpose of this study was (i): to assess whether lymphocytes are acceptable as control cells and to compare lymphocytes with endothelial cells in this respect; (ii) to determine the ideal section thickness to avoid cell overlap but to include the entire nucleus; (iii) to compare DNA quantitation of tissue sections with cytospin preparations and to ascertain which is the better type of preparation for this type of investigation; (iv) to establish if the CAS 100 can be used to differentiated benign and malignant smooth muscle tumours when using formalin fixed, paraffin wax embedded material.
Methods
Fifteen leiomyomas were retrieved from the files of the department of pathology, Royal College of Surgeons in Ireland. The tissue blocks ranged in age from one to 12 years. Thirteen histologically malignant smooth muscle tumours were retrieved from the files of the Department of Pathology, Westminster Medical School, London. These tumours had previously been fully characterised immunohistochemically.
A representative tissue block from each case was selected. From each block four adjacent sections were cut at 3 gm (n = 1), 5 pm (n = 2), and 7 pm (n = 1). One of the 5 pm sections was stained with haematoxylin and eosin for assessment of mitotic counts, while the remaining sections were stained with Feulgen. DNA ploidy was determined using the method described by Hedley and colleagues, with slight modifications. ' 
Results

ACCEPTABILITY OF LYMPHOCYTES AS CONTROL CELLS
In tissue sections the lymphocyte nuclear area was 18 5, 17 9 , and 19 8 in 3 pm, 5 pm, and 7 pm sections, respectively (table 1). Thus the nuclear area was considerably less than the nuclear area considered to be necessary for optimal Feulgen binding and thus accurate DNA assessment. In cytospin preparations, however, the lymphocytes expanded to a mean nuclear area of 37 6 pm2 thus overcoming this When 3 pm sections were examined many events registered to the left of the GO/GI peak.
This was due to incomplete nuclei being assessed. When 7 pm sections were studied, nuclear overlap was such that 200 tumour cells could only be found with great difficulty. It has been suggested that lymphocytes cannot be used as a control cell because the nucleus is too compact for stoichiometric Feulgen binding. In tissue sections the lymphocytes tend to measure less than 20 tum2. During the preparation of cytospins hydration enlarges the nuclei. When the nuclear area is below 20 ju2 the apparent DNA mass is less than endothelial or benign tumour cells by a degree that is inconsistent. When the area is greater than 25 ,u2 it is consistently similar to endothelial cells and benign tumour cells and permits consistent DNA binding to Feulgen. Between 20 y'2 and 25 1j2, significant differences may occasionally be seen. The results of this study shQw, however, that as the lymphocyte nucleus consistently enlarges to more than 25 P2 in cytospin preparations this problem is overcome. The data presented in this study indicate their suitability and reliability as control cells in cytospin preparations using the methods described.
The second aim of this study-was to determine the ideal section thickness to avoid cell overlap but to include the entire nucleus. There are many occasions when it is desirable to maintain preservation of tissue architecture and thus to examine tissue sections rather than cytospin preparations, such as the assessment of intraepithelial neoplasia, melanocytic lesions, and neoplastic lesions with a large stromal component. Morphometric quantitation of tissue sections requires an optimal thickness to ensure the intact nucleus is measured by the image analyser. The balance between including the entire nucleus, identifying sufficient isolated nuclei, and avoiding overlapping nuclei has been achieved by examining 5 ,um sections. Section thickness, however, may vary for different tumour types.
S phase analyses and identification of hypodiploid and aneuploid populations between 2C and 4C (GO/GI and G2/GM peaks) are extremely difficult to identify when analysing tissue sections. The reasons are twofold. Firstly, it is difficult to obtain optimal alignment of the malignant nuclei. Secondly, in the presence of an aneuploid stem line between 2C and 4C, those nuclei which are only partially included will register a DNA mass to the left of their correct position by a degree proportional to the amount not included in the section. This results in an obscure yet definitely abnormal and potentially confusing pattern between Go/ G, and G2/M. As an alternative to determining S phase some workers have instead used a different index-namely, the 5C exceeding rate.2021 The 5C exceeding rate determines the number of cells which have more than five sets of 23 chromosomes-that is, DNA mass two and a half times greater than that of the GO/GI peak. The results of this study show that the 5C exceeding rate can be used to separate benign from malignant smooth muscle tumours as a 5C exceeding rate is found in most malignant smooth muscle tumours and is not seen in benign tumours. Further work is required to establish whether an exceeding rate between 2C and 5C would give similar results.
In summary, DNA quantitation of formalin fixed, paraffin wax embedded smooth muscle tumours is feasible by the CAS 100. Using lymphocytes as control cells in cytospin preparations and by carefully identifying the tumour cells for analysis useful discriminatory data can be achieved. Further studies are required to assess larger numbers of tumours and to attempt to overcome some of the problems associated with tissue sections. It would seem that image analysis, using the CAS 100 system and cytospin preparations, however, has important advantages over flow cytometry in that the problem of contaminating tumour cells is overcome, doublets do not present a difficulty and the control cells used have been treated exactly the same as the tumour cells under study. This investigation suggests that when studying tissue sections using current hydration techniques, lymphocytes have an underestimated DNA content in an inconsistent manner. They are therefore unsuitable as control cells. Endothelial cells, however, can be used as control cells in tissue sections, provided the nucleus is very carefully aligned.
